Summary: The communicating branch between the ventral rami of cervical nerves and the spinal accessory nerve (SAN) has been reported to also send motor fibers to supply the trapezius. However, the motor fiber type of the communicating branch and its peripheral distribution are still unclear. To determine the fiber elements within the branch and its peripheral distribution of the motor fibers in the trapezius, the anterograde tracing method was used in this study. The results show that a few a motor end plates from the communicating branch were observed on the extrafusal fibers, while in the muscle spindle the motor elements from the communicating branch were distributed to the polar portions of the intrafusal fibers. These results indicated that the motor fibers passing through the communicating branch to supply the trapezius are mainly g motor fibers, with some a motor fibers. Moreover, the a and g motor fibers from the communicating branch were observed in the clavotrapezius, acromiotrapezius and the rostral part of spinotrapezius. These findings also correlate with the clinical observation indicating that even when the spinal accessory nerve is injured, the trapezius is still capable of slight movement.
The innervation of the trapezius muscle has been well studied using several animals and various techniques. The motoneurons innervating the muscle are distributed within the anterior horns from the C2 to C6 segment of the spinal cord, and the axons can pass through two routes to supply the muscle: namely, the ventral rami of the cervical nerves and the spinal accessory nerve (SAN) (Pearson, 1938; McKenzie, 1955; Fahrer et al., 1974; Kitamura & Sakai, 1982; Kierner et al., 2000 Kierner et al., , 2002 . Furthermore, the spinal accessory nucleus was identified by electron and light microscopic methods, thus indicating that the nucleus has two types of neurons, namely the a and g neurons (Gottschall et al., 1980; Hayakawa et al., 2002) . In humans, the fibers from ventral rami of cervical nerves to supply the trapezius have been reported to primarily pass through the communicating branch between the cervical verves and SAN (Soo et al., 1986 (Soo et al., , 1990 ; Krause et al., 1991) . However, little information about the type of the motor fibers that exists within the communicating branch has yet been elucidated.
The aim of this study was therefore to determine the motor fiber types that exist within the communicating branch between the ventral rami of the cervical nerves and the spinal accessory nerve to innervate the trapezius muscle, while also providing morphological data regarding its peripheral (intramuscular) distribution by fluorescent dye (DiI) and histochemical (Biotin Dextran Amine) anterograde tracing methods.
Material and Methods
The experiments were performed on fourteen adult Wistar rats (both sexes) weighing between 105 and 250 g. All animals were obtained from Japan SLC, Inc., and were maintained in the Animal Care Service Center, Iwate Medical University. The animals were handled in compliance with ethical guidelines of the Center.
Surgical Treatments
The animals were anesthetized with an initial intraperitoneal dose of sodium pentobarbital (40 mg/ kg) and maintained with additional 2.5 mg doses as needed. After amputating the insertion of the right cleidomustoideus muscle, the SAN and the communicating branch from the third and fourth cervical nerves were clearly exposed. The fluorescent dye DiI [1,1 0 -dioctadecyl-3,3,3 0 ,3 0 -tetramethylind carbocyanine perchlorate; diI-C18-(3)] (saturated solution in 100% alcohol; 9 animals) or Biotin Dextran Amine (BDA; 50% solution; 5 animals) as anterograde tracer was applied for 1 h to the distal section of the communicating branch of cervical nerves (Fig. 1) . For the treatment, a special small container was made with thick aluminum foil, and a dye solution was added to the container (containing fine-spun sponge) with a micro-syringe. The vinyl chloride membrane was laid out under the container, and then absorbent cotton was put beside the container to prevent it from leaking ( Fig. 1) . After the treatments, the operational area was washed well with physiological saline solution and sutured the wound. As the survival period passed, the animals received an overdose of sodium pentobarbital by intraperitoneal injection (60 mg/kg) and were perfused intracardially with 250 ml physiological saline solution and 350 ml of 4% paraformaldehyde in 0.1 M phosphate buffer. The trapezius muscles of the operational sides were removed carefully and completely. The specimens were post-fixed in the same fixing solution for 24 h and then were placed into 15% sucrose solutions in 0.1 M phosphate buffer for 48 h. The spindle and muscle fiber specimens were removed ( Fig. 1) and cut transversely and longitudinally into 10-14 mm sections, according to muscle fiber direction, using a cryostat (CM3050, Leica, Germany). All treatments and dissections were performed using a surgical microscope (OME, Olympus, Japan).
Histochemistry Treatments
The sections which were traced by Biotin Dextran Amine (BDA) were dried at room temperature for 3 h and then were washed with PBS (3 Â 10 min). Next, the BDA or Avidin Alexa Fluor 488 staining methods were performed.
a) BDA staining
After rinsing with PBS (3 Â 10 min), the sections were incubated with the avidin-peroxidase-complex (ABC; Pierce Biotechnology, Inc., USA) for 30 min at room temperature. After rinsing with PBS (3 Â 10 min), the specimens were incubated with the 3.3 0 -diaminobenzidine tetrahydrochloride (DAB; DakoCytomation, Inc., USA) for 15-20 min at room temperature. In addition, to confirm the of the rat (ventral view). The SAN has two main branches to innervate the sternomastoideus, cleidomastoideus and trapezius. C2, C3, and C4 send the branch directly to the SAN. Red arrows: the points indicating the dye was put into (broken lines show the branches were not always existent); (B) A sketch of the right side trapezius muscle and its innervating nerves (medial view). The muscle includes three parts (At, Ct and St). The nerve fibers innervating the muscle consist of two branches, namely the SAN and a communicating branch from the cervical nerves (mainly C3 and C4). The red outlines indicate the main spindle portions that were observed directly under the surgical microscope. In below, a small photo showing two spindles was taken from the black frame in the sketch by surgical microscopy. White arrows in the photo indicate two spindles. White bar ¼ 1 mm. Abbreviations: At, acromiotrapezius; bag, bag fiber; BDA, Biotin Dextran Amine; C1, first cervical nerve; C2, second cervical nerve; C3, third cervical nerve; C4, fourth cervical nerve; Cap, capsule membrane of the spindle; cha, chain fiber; Ct, clavotrapezius; ef, extrafusal fiber; HRP, horseradish peroxidase; if, intrafusal muscle fiber; S, fine-spun sponge; SAN, spinal accessory nerve; SM, the branch supplying sternomastoideus and cleidomastoideus muscle; St, spinotrapezius; TR, the branch supplying trapezius muscle.
structure of the spindle, the HE method was used (for 2 sec) for some sections.
b) Fluorescence staining Some sections were incubated overnight at 4 C with avidin conjugated to the fluorochrome Alexa Fluor 488 (dilution 1 : 200; Molecular Probes, Inc., USA), while the other sections were stained with both Avidin AF 488 and Phalloidin AF 594 (dilution 1 : 80; Molecular Probes, Inc., USA) for 3 h at room temperature.
Observations
The specimens treated with DiI were directly observed and photographed using a fluorescent microscope (BX51, Olympus, Japan). To confirm the forms of the spindles in sections, after fluorescence observation some sections were also stained using the HE method. The sections stained with the BDA method or Avidin AF 488 and Phalloidin AF 594 were observed using the same fluorescent microscope.
Results

Gross anatomical observations
The SAN runs laterally behind the insertion of the sternocleidomastoid muscle and then divides into two main branches. The branch innervating the trapezius muscle includes a communicating twig (or two twigs) from the cervical nerves (mainly C3 and C4). As shown in Fig. 1 , the trapezius muscle could be divided into the clavotrapezius, acromiotrapezius and spinotrapezius. The clavotrapezius and acromiotrapezius muscles were definitely thicker than the spinotrapezius. Where the innervating nerve entered the muscles and divided into two branches, one that supplied the clavotrapezius and acromiotrapezius, and another that ran along the surface of the spinotrapezius and to innervate the muscle. Some medial cutaneous rami of the dorsal branches of cervical and thoracic nerves ran through the medial edge of the muscle, but the muscular elements in these medial cutaneous rami were not confirmed.
In all muscle specimens, four spindles in the acromiotrapeziu and three spindles in the rostral part of the spinotrapezius were consistently observed using a surgical microscope (Fig. 1) ; however, other spindles could not be conclusively discerned using only the surgical microscope. The seven observed spindles were arranged along the muscle fibers, and some were situated close to the medial surface of the muscle.
Intra-muscular distributions
The motor elements from the communicating branch were identified in both the acromiotrapezius and the rostral part of spinotrapezius. These fiber elements were widely dispersed in the thicker branches but were found to be more concentrated in the fine branches (Fig. 2) . In the observed sections (28 muscle specimens with spindles), it was clear that the motor end plates were distributed on the surface of extrafusal fibers in both the acromiotrapezius and the rostral part of spinotrapezius (total five end plates). Therefore, according to the form, it could be considered to be the end plate of the a motor fibers (Fig. 3) . The polar regions of intrafusal fiber in a total of 28 spindles (both the acromiotrapezius and the rostral part of the spinotrapezius) were observed. The nerve fiber elements accompanied the fine vessel and entered the spindle capsule, and then were distributed on the intrafusal fibers. These elements distributed the terminals on the polar regions of the intrafusal fibers (22/28 spindles), as shown in Figs. 4-6. Furthermore, it was also observed that the nerve fibers distributed on both the bag and chain fibers. Therefore, the elements could be considered as the terminals of g motor fibers. In the longitudinal sections, the g motor fibers ran along the surface of intrafusal fibers, and the terminals of the g motor fibers were also very clearly observed on the surface of the intrafusal fibers (Figs. 4-6) . However, in 6/28 spindles, the motor fibers were not observed on intrafusal fibers.
The number of intrafusal fibers differed according to the situations of the spindles in the muscle. The smallest number of intrafusal fibers was two (Fig. 4A, 4B, and Fig. 5) , and the largest number was five (Fig. 4C, 4D ). , 2005) , because the sensitivity of the dyes are far better than the degeneration method. On the other hand, 65% of the motor fibers in the nerve supplying sternomastoid were a motor fibers, while 35% of those were g motor fibers (Gottschall et al., 1980) . However, the fiber classification in the communicating branch from the cervical nerves is unclear, because the data from the literature was from nerves including both SAN and the communicating branch to innervate the sternomastoid but not the communicating branch alone. To clarify the morphological significance of double innervating of trapezius muscle, we think that the fiber classification of the communicating branch is therefore very necessary.
The g motor fibers distribute on the polar portions of both bag and chain fibers (Barker et al., 1978; Kucera, 1980; Banks, 1991; Maier, 1992 Maier, , 1997 ; Emonet-Dé nand et al., 1998, 2001). Our findings that the motor elements from the communicating branch were distributed on the polar regions of the intrafusal fibers (both bag and chain fiber) definitively. The results of present experiment are in agreement with the distribution of g motor fibers which has been reported in the literatures. Therefore, the motor elements within the communicating branch included the g motor fibers.
The a motor fibers are distributed on extrafusal muscle fibers. In the present study, the end plates of the a motor fibers were clearly observed on the extrafusal fibers of the trapezius muscle. In fact, the number of labeled end plates was small in both the acromiotrapezius and rostral part of the spinotrapezius muscle. However the fact that small end plates of a motor fibers distributed in the muscles is agreement with the clinical observations that when the SAN is injured, the trapezius muscle still remains capable of performing slight movement (Novak & Mackinnon, 2004; Safran, 2004) .
On the other hand, Adal and Barker (1965) mentioned that such the ramification of g motor fibers showed a very intricate pattern, and therefore we did not calculate the rate of the motor fibers in the communicating branch. However, in 22/28 spindles the g motor fiber were observed, thus indicating that the number of g motor fibers was clearly greater than that of the a motor fibers. We therefore supposed that in the communicating branch, the g motor fibers are clearly the most numerous. The results of a degeneration experiment indicated that the motor innervation of extrafusal and intrafusal fibers were from the SAN completely, the sensory supply to the spindles in the sternomastoid, clavotrapezius, acromiotrapezius and the rostral part of the spinotrapezius were from cervical nerves (FitzGerald et al., 1982) , however, the a motor fibers passing through the communicating branch to supply the trapezius were not mentioned clearly. In our experiment, only the communicating branch from the ventral rami of the cervical nerves were treated with the dyes, and thereafter the a motor fiber end plates on the extrafusal fibers and the terminal on intrafusal fibers of g motor fibers were observed. This means that the motor supplying of the extrafusal fibers in the trapezius muscle could also pass through the ventral rami of the cervical nerves, but not from SAN only.
In humans, the distribution area of the fibers from cervical nerves to trapezius has indicated the motor supply to upper and middle portions of the muscle to be primarily from the SAN, in threequarters of subjects the lower two-thirds portion receives an innervation from the cervical plexus (Soo et al., 1990; Krause et al., 1991) . On the other hand, the cervical nerves innervated the spindles in the rostral end of the spinotrapezius muscle, and were g motor fibers only (FitzGerald et al., 1982) . According to our results, it is clear that a motor fibers from the cervical nerves may thus also be distributed in this area. These results suggested that the a motor fiber distribution area from SAN and that from the cervical nerves are not completely distinct in the trapezius muscle. Of course, further observations are necessary.
Conclusion
1. The motor fiber types within the communicating branch between the ventral rami of cervical nerves and the spinal accessory nerve to innervate the trapezius muscle include the a and g motor fibers, except in the sensory fiber elements.
2. The a motor fiber elements from the communicating branch are also distributed in the acromiotrapezius and rostral part of the spinotrapezius muscle, thus indicating that the nerve fibers distributed in the part are therefore not g motor fibers only. 
